This study investigated the effect of low dose γ-irradiation on the damage of the cell envelopes and antibiotic sensitivity profiles of Bacillus cereus, Escherichia coli, and Salmonella Typhimurium. The bacteria suspension in tryptic soy broth was exposed to the γ-irradiation doses of 0, 1, 1.5, 3, and 5 kGy, and then stored at 0 o C for 24 h. A viability test, an antimicrobial sensitivity profile, and an electron microscopy were performed to observe the effects due to γ-irradiation treatment. B. cereus could survive the γ-irradiation up to 5 kGy while E. coli and S. Typhimurium were all deactivated at 1.5 kGy and 5 kGy, respectively. At 5 kGy, the cell count of B. cereus was significantly reduced, and the survived bacteria cells retained their important features. There were no significant changes observed in the antimicrobial sensitivity profile (p>0.05) for the recovered bacteria after irradiation treatment. Low dose γ-irradiation below 3 kGy was found to be insufficient to achieve decontamination of B. cereus and S. Typhimurium. Cell envelope damage and deactivation of different bacteria did not occur in the same manner; thus, deferent doses of γ-irradiation may be required for deactivation of different bacteria.
Introduction
Salmonella Typhimurium is a gram negative motile facultative anaerobic rods, it is responsible for typhoid fever and other Salmonella infections in human and animals. It is transmitted to human through ingestion of contaminated water and food (Halablab et al., 2011; Johnston et al., 2005; Kim et al., 2004) . Investigations of the outbreaks due to Salmonella lead to the identification of the possible root cause to be food of animal origin (Andrews and Baumler, 2005) . It has been reported that S. Typhimurium has been frequently isolated from food of animal origin such as beef carcasses, chicken and raw ground beef in USA (Schlosser et al., 2000) . Bryan and Doyle (1995) and D'Aoust (1997) reported that among the foods of animal origin, chicken and other poultry products are leading as the vehicle in the transmission of S. Typhimurium to human. These vertebrates which are common reservoir could have acquired the bacterium though contaminated feeds and water. Therefore, proper methods to eliminate bacteria in the animal feed and subsequent food of animal origin are necessary to avert future food borne diseases outbreaks.
Escherichia coli is a gram negative motile non spore forming rods, it is facultative anaerobe capable of growing optimally at 37 o C. E. coli is a common inhabitant of the gastrointestinal tract of human and animals, pathogenic strains have been reported as contaminants in animal feeds, food of animal origin and land produces. Beef and pork carcasses are prone to contamination by E. coli during slaughtering (Smith and Fratamico, 2005) . E. coli infections in human are generally caused by ingestion of contaminated food, to prevent this from happening food manufacturing and food handlers must work hard to eliminate possible entry point of this bacterium in to the food chain. Also, a thorough decontamination method should be used to minimize microbial load in food of animal ori-*Corresponding author: Duck-Hwa Chung, Division of Applied Life Science, Gyeongsang National University, Jinju 660-701, Korea. Tel: 82-55-772-1903, Fax: 82-55-757-5485 , E-mail: dhchung@gnu.ac.kr ARTICLE gin, which are prone to be contaminated with E. coli. Bacillus cereus is a gram positive endospore forming facultative anaerobic rod and it is a common soil inhabitant, which is capable of growing at temperature ranging between 10-50 o C (Sutherland et al., 1996) . This capacity to grow in refrigeration temperature and ability to produce endospore enables the bacterium to withstand cooking temperature for undercooked meat and other food products of animal origin or poorly handled food such as rice after cooking. B. cereus has been isolated from variety of food products of animal origin (Granum and Lund, 1997; Kramer and Gilbert, 2005) B. cereus spores are capable of remaining viable in the dried food throughout the shelf life period and therefore food disinfection procedure should take into account the ability of this bacterium to overcome stressful conditions. B. cereus produces enterotoxin that causes emetic and diarrhea type food poisoning illness (Kotiranta et al., 2000) . Recently, it has been reported that the emetic and diarrhea type of food poisoning in Korea was due to B. cereus (Kim et al., 2010) .
Gamma irradiation has been used for a length of time as a mean to efficiently sanitize food, medical devices, reagents and many other products that are vulnerable to high temperature treatment (Mendonca et al., 2004; Song et al., 2009; WHO/FAO, 1991) . The mechanism of action of ionizing radiation to deactivate bacteria is by damage imposed on DNA (Spotheim-Maurizot and Davídková, 2011). It is now recognized that irradiation is an effective method for inactivating microorganisms and parasites in foods. Low dose γ-irradiation has a distinct advantage that it has little interference with the nutritional quality and general appearance of food to be sanitized. The Joint committee of the FAO/IAEA/WHO recommended the use of γ-irradiation doses up to 10 kGy in food decontamination (FAO/IAEA/WHO, 1997). Irradiation doses above 5 kGy have negative impact on the quality of fruits and fresh vegetable, also the possibility of lipid oxidation in food of animal origin including beef and chicken is likely to occur and therefore use of low doses in these products is recommended. Various efforts have been made to establish the efficacy of low dose γ-irradiation in food sanitation (Kim et al., 2010; Moini et al., 2009; Trigo et al., 2009) , however; the effect of low doses γ-irradiation on the bacteria cell envelope is least studied, thus it is one of the areas this study will focus on.
The use of antibiotics for therapeutic purposes as well as prevention of animal infections has been practiced for long time worldwide (Frappaolo and Guest, 1986) . In Kiser (1976) reported the common practices of using antibiotic for therapeutic as well as incorporation of sub therapeutic concentration in animal feed in USA. In the long run of such practice of antibiotic uses, common bacteria were developing resistance to antibiotics. As the results, potent and efficacious antibiotics used in therapeutic purposes in human and animal infections became less efficacious (Kunin, 1993) . The effect of γ-irradiation on the antibiotic sensitivity profile of foodborne pathogens is one of the area least reported thus this study will focus on establishment of this relationship. Research findings have indicated the potential of using low doses of irradiation with immediate storage at cold temperature to eliminate foodborne pathogens (Jo et al., 2004; Lefebvre et al., 1992; Nortejè et al., 2006) . Therefore, the objectives of this study were to establish the effect of low dose γ-irradiation on the fate of B. cereus, S. Typhimurium and E. coli in terms of viability, damage to the cell envelop and antimicrobial sensitivity profile.
Materials and Methods

Inoculums preparation
Stock cultures of B. cereus KCCM 40138, E. coli KCCM 11264 and S. Typhimurium ATCC 43174 in glycerine:tryptic soy broth (TSB), contained in cryovials were frozen and stored at -70 o C until studied. A hundred µL of cryovial content for each bacteria stock culture was aseptically inoculated into 10 mL of sterile TSB and incubated at 37 o C for 24 h in a shaking incubator at 150 rpm. One mL of the cultures were sub-cultured into 120 mL of sterile TSB and incubated at 37 o C for 18 h in a shaking incubator at 150 rpm. After incubation, 10 mL of each bacterial suspension were transferred into 15-mL sterile conical tubes and immediately placed on ice. The concentration of the suspension was determined by serial dilution in 0.85% NaCl and standard plate count method using tryptic soy agar (TSA). The TSA plates were incubated at 37 o C for 24 h and bacteria cell count was determined.
Irradiation procedure
Ten milliliters of bacteria suspensions from overnight culture corresponding to 7.2, 9.1, and 9.7 log CFU/mL of B. cereus, E. coli and S. Typhimurium respectively in 15 mL caped sterile conical tubes and placed on ice were prepared for irradiation. The irradiation process was carried out at Korea Atomic Energy Research InstituteAdvanced Radiation Technology Institute (KAERI-ARTI) in Korea. Low level Gamma radiator (MDS Nordion
